Background: Glioblastoma (GBM) is the most common and aggressive brain tumor, which has a poor prognosis despite the advent of different therapeutic strategies. There are numerous molecular biomarkers to contribute diagnosis, prognosis, and prediction of response to the current therapy in GBM. One of the most important markers that are potentially valuable is immortalization-specifi c or immortalization-associated marker named "hTERT messenger ribonucleic acid (mRNA)" the key subunit of telomerase enzyme, which is expressed in more than 85% of cancer cells, in spite of the majority of normal somatic cells. In this study, we investigated the effects of resveratrol (RSV) on this mRNA marker level, leading to cancer progression. Materials and Methods: U-87MG cell line was obtained from Pasteur Institute of Iran and treated with various concentrations of 0-160 μg/mL of RSV and at different time points (24, 48, and 72 h). To evaluate viability of U-87MG cells, standard 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay was performed. Real-time polymerase chain reaction (RT-PCR) was used for comparative and quantitative assessment of human telomerase reverse transcriptase (hTERT) mRNA copy number versus control-untreated group. Results: The results of our investigation suggested that RSV effectively inhibited cell growth and caused cell death in dose-dependent (P < 0.05) and not in time-dependent manner (P > 0.05), in vitro. Interestingly, quantitative RT-PCR analysis demonstrated that at half inhibition concentration, RSV dramatically decreased mRNA expression of hTERT, the catalytic subunit of telomerase enzyme, which leads to prevention of cell division and tumor progression. Conclusion: With regard to downregulation of this immortalization-associated marker, RSV may potentially be used as a therapeutic agent against GBM.
Introduction
Glioblastoma (GBM), or astrocytoma Grade IV, is the most common aggressive and malignant primary brain tumor, with a poor prognosis despite the advent of different therapeutic strategies. [1] This tumor has an incidence of 5-8/100,000 population, and patients only have a median survival time of 15 months because of the tumor's resistance to the current therapeutic approaches. [2, 3] GBMs are usually highly malignant (cancerous) because the cells reproduce quickly and they are supported by a large network of blood vessels. This tumor contains approximately 15.4% of all primary brain tumors and about 60-75% of all astrocytomas. [4] As wide ranges of tumors, the explicit cause of GBM remained unknown. GBM can be diffi cult to treat because the tumors comprise so many different types of cells. Some tumor cells may exhibit a good response to certain therapies while others represent unfavorable results. This is why the treatment strategy for this kind of cancer may deploy several approaches. Molecular experiments have signifi ed that some molecular signing is associated with tumor aggressiveness as well as with disease progression. According mutations, epidermal growth factor receptor, epidermal growth factor, latrophilin, and 7 transmembrane domain-containing protein 1 on chromosome 1, vascular endothelial growth factor, tumor suppressor protein p53, phosphatase and tensin homolog, p16INK4a gene, cytochrome c oxidase, phospholipid metabolites, telomerase messenger expression (human telomerase reverse transcriptase [hTERT] messenger ribonucleic acid [mRNA]), microRNAs, cancer stem cell markers and imaging modalities which have the potential to contribute to diagnosis, prognosis, and prediction of response to therapy in GBM to help clinical management of GBM. [5] In this context, markers that are potentially interesting are immortalization-specifi c or immortalization-associated markers which include activated telomere-lengthening enzyme telomerase, a ribonucleoprotein consisting of a complex of an RNA component and proteins. Advances in the understanding principals of the regulation of telomerase activity and the telomere structure, as well as the identifi cation of telomerase and telomere-associated binding proteins, have opened new avenues for therapeutic intervention. In contrast to normal cells, telomerase activity is found in a high percentage of human tumors. Several subunits of human telomerase have been determined, composed of RNA component, hTR17 and hTERT as catalytic subunit. Too many evidence has confi rmed that among these subunits, hTERT is the rate-limiting component of telomerase activity. Introducing hTERT into several cell types is suffi cient to induce telomerase activity and prevent telomere shortening in vitro. Expression at the mRNA level is associated strongly with enzyme activity in several tissues and cell cultures, including lung, breast, colon, and GBM cancer tissues. Inhibition of hTERT results in telomere loss and limits the growth of tumor cells that undergo apoptosis when their telomeres reach a critically short length. [6] Trans-resveratrol (RSV), also known as 3,5,4,′-tri-hydroxystilbene, is one of the promising dietary phytochemicals with chemopreventive and chemotherapeutic potential, which belongs to the stilbene class of polyphenolic compounds. [7] Skin of red grapes is especially rich in RSV and evolves from a common synthesis pathway in plants. [8] Many studies suggest that its biological effects, depend on cell and tissue types, may alter and be nature-specifi c. It has been shown that RSV has a crucial role in initiation, promotion, and progression in carcinogenesis and may suppress angiogenesis and metastases of cancer cells. [2, 9] Other profound investigations confi rm that RSV can modulate multiple pathways including cell growth, apoptosis, and infl ammation with association of its antioxidant activity; [10, 11] however, we need more research indicating other molecular mechanisms which can describe the underlying interventions for the anti-cancer activity of RSV. In this study, we treated U-87MG cancer cell line with RSV in various dosages and specifi ed half inhibition concentration (IC50) of RSV and affected that concentration on cancer cells for evaluating effects of RSV, as a potent anticancer substance, on hTERT mRNA expression which encoded for the catalytic subunit of telomerase in transcriptional level of regulation in Stage IV malignant cancer cell line.
Materials and Methods
Trans-RSV was purchased from Sigma-Aldrich Corp., St. Louis, MO, USA, and dissolved in dimethyl sulfoxide (DMSO, Sigma-Aldrich Corp., St. Louis, MO, USA) at a concentration of 12.8 mg/mL, stored as a stock solution at −80°C, and diluted in culture medium just before use.
Cell culture
The human GBM cell line U-87MG, derived from metastatic Stage IV GBM, was purchased from National Cell Bank, Pasteur Institute of Iran, and cultured at 37°C in 5% CO 2 humidifi ed atmosphere and maintained in Dulbecco's modifi ed Eagle's medium (high GlutaMAX-Gibco, USA), supplemented with inactivated 10% fetal bovine serum (Gibco, USA) in the presence of 100 units/mL penicillin and 100 μg/mL streptomycin to have complete media (CM). At the end of incubation, the cells were harvested by trypsinization and the media were changed two times/week.
Cell viability assay
Confl uent U-87MG cells were harvested, counted, spread in CM, and seeded into 96-well cell culture plates (SPL) at a concentration of 2 × 10 4 cells/well in 200 μl of CM and allowed to adhere overnight. U-87MG cells in logarithmic growth phase were treated with different concentrations of RSV, dissolved in sterile DMSO at a concentration not exceeding 0.1% (v/v), and added to the well in a volume of 5 μL/well. The effects of RSV on cell proliferation were studied in a different dose of 0-160 μg/mL and at different time points (24, 48, and 72 h). To evaluate the viability of U-87MG cells, standard 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed, and 20 μl of 5 mg/mL MTT solution was added to each well and incubated for 4 h at 37°C, 5% CO 2 . Three replica wells were used for controls (DMSO 1:400) and each drug concentration. After incubation, media were removed and 200 μL of MTT solubilizer solution including DMSO and isopropanol (1:1) was added to dissolve formazan crystals at the bottom part of each plate. Plates were read at 570 nm wavelength using a microplate reader (BIO-RAD550, USA). Percentage of viability was determined by this formula: Optic density (OD) of the test sample/OD of the control sample.
In the next step, we detected the IC50 of U-87MG cells. All experiments were repeated three times.
Cell morphology
The cells were cultured in 6-well plates at 37°C under a humidifi ed atmosphere of 5% CO 2 for 24 h. After overnight incubation, the cells were treated with concentrations of 48.23 μg/mL for evaluating morphology alteration. To specify RSV cytotoxicity effects on noncancerous and normal human cell line, we used human foreskin fi broblast (HFF) and the cells affected by the same concentration of drug and the culture plates were photographed by Olympus-IX71 inverted microscope (Olympus, USA).
Assessment of human telomerase reverse transcriptase messenger ribonucleic acid levels by real-time polymerase chain reaction RT-PCR was used for detecting the inhibition rate of candidate drugs on hTERT gene expression. Total cellular RNA was extracted with TRIzol (Invitrogen, CA, USA) according to the manufacturer's instructions. For removal of genomic DNA from RNA preparations before complementary DNA (cDNA) synthesis, RNA treated with DNase I, RNase-free (Fermentas, USA). Synthesis of cDNA was carried out in 20 μL reaction on 3 μg of total RNA using fi rst Strand cDNA Synthesis Kit (Fermentas, USA) which was used as a template for quantitative RT-PCR (qRT-PCR). qRT-PCR was carried out using Applied Biosystems ® StepOne ™ system to determine the expression of hTERT (214 bp) and glyceraldehyde 3-phosphate dehydrogenase (238 bp, GAPDH as a control) using Maxima SYBR Green/qPCR Master Mix ROX 200 (Fermentas, USA). The PCR primer sequences specifi c for all the variants of hTERT mRNA were 5'-CGTGGTTTCTGTGTGGTGTC-3' (sense) and 5'-CCTTGTCGCCTGAGGAGTAG-3' (antisense) and for GAPDH primers were 5'-TGC ACC ACC AAC TGC TTA GC-3' (sense) and 5'-GGC ATG GAC TGT GGT CAT GAG-3' (antisense). After an initial denaturation at 95°C for 10 min, the samples were subjected to 40 cycles of RT-PCR (95°C for 15 s, annealing temperature 64°C (hTERT) and 60°C (GAPDH) for 30 s, and extension temperature 72°C for 30 s). RT-PCR data analysis was done, based on using 2 −ΔΔCt method by calculation of threshold cycle (Ct) values for target genes and GAPDH, as an endogenous control gene. PCRs were performed in triplicate with a negative control (no DNA).
Statistical analysis
Quantitative results were expressed as mean ± standard error of mean. Statistical analysis was performed using a two-tailed unpaired t-test (between two groups) or a one-way analysis of variance by SPSS for Windows, version 20 (SPSS Inc., Chicago, Illinois, USA) and (GraphPad Prism, version 6.01, California, USA). P < 0.05 was considered statistically signifi cant.
Results

Resveratrol inhibits proliferation of U-87MG cells
The results showed that RSV inhibited cell growth in a dose-dependent manner (P = 0.02). We treated U-87MG cells with RSV at 24, 48, and 72 h and as a consequence, the cell viability level at a concentration of 80 and 160 μg/mL was signifi cantly decreased compared with control [ Figure 1a] . The results showed a trend toward growth inhibition, but it was not statistically signifi cant among three time points (P > 0.05) [ Figure 1b ].
This study fi rst investigated the impact of the candidate drug on the proliferation of U-87MG cells and calculated the IC50 after 48 h treatment [ Figure 2 ].
Effective role on changing normal morphology to the apoptotic case in cancer cell line and nontoxic manifestation in normal human cell
Morphological changes of U-87MG cell for 48 h incubation by RSV at 48.23 μg/mL dose of agent were monitored and results showed that affected cells changed to round, necrotic and distinct apoptotic structure while the untreated counterparts were well spread and kept natural appearance [ Figure 3a] . HFF cell line displayed no eminent change in the presence and absence of RSV in vitro [ Figure 3b ].
Downregulation of human telomerase reverse transcriptase messenger ribonucleic acid transcripts affected by resveratrol
In this research, the effect of RSV on the inhibition of the hTERT expression was assessed. Our results demonstrated that RSV is an anticancer agent with regard to decreasing expression of a key subunit of a crucial enzyme named telomerase, which has important role in regulation of cell division and apoptosis of metastatic cancer cells. With our data which illustrated IC50 of 48.23 μg/mL for RSV in cultured cells, this dose of the experiment was chosen for investigating RSV's effect on the hTERT gene marker expression in this population of cells. Our results showed that this gene was signifi cantly down-regulated by RSV in a dose-dependent manner, in comparison to control group as a nontreated cells (P < 0.05) [ Figure 4 ].
Discussion
Telomerase and telomeres are attractive targets for anticancer therapy. Many investigations supported evidence depicting that the majority of human cancers express the telomerase enzyme which is essential to maintain telomere and leads to indefi nite cell proliferation as a hallmark of cancer including GBM. [12] Telomerase activity typically belongs to limited specifi c cell types. However, telomerase activation in somatic cells can be considered as a major factor in cell immortalization and cancer. Targeting telomerase by designing different therapeutic and clinical strategies due to cancer treatment is an overriding molecular approach. [13] Telomerase expression occurs in the later phases of multistep tumor progression in some classes of tumors [14] and is especially characteristic of higher-grade neoplasms; thus, in the present study, we chose Grade IV GBM cell line for research to unravel the effects of RSV, natural phytoalexin, and polyphenolic compound, on one of important molecular mechanisms for further application in prognosis, diagnosis, and treatment of GBM.
Recently, the wide range of study has described preventive mechanisms by which interference of RSV with anticancer properties including its effect on regulation of various transcription factors such as AP-1, NF-kB, p53, as well as many apoptosis pathway genes. [15] It regulates the activity of p53, a key tumor suppressor gene, and thus triggers apoptosis processes in cancer cells. In addition to its effects on a number of transcription factors, RSV can also inhibit telomerase activity. A few studies revealed that RSV treatment downregulated telomerase activity and hTERT mRNA expression in breast and colon cell line in vitro. [16, 17] However, the role of RSV on telomere and telomerase activity has not been studied in GBM multiform.
Telomerase regulation can be achieved either by the transcriptional regulation of hTERT or by the posttranscriptional alternative splicing of hTERT. [18, 19] Specifi c inhibitors are explored for blockage different components of telomerase enzyme at various levels of regulation, such as AZT, B1BR1532 and vaccine for hTERT (catalytic subunit), 2-5A antisense, GRN163 L, gene-directed enzyme prodrug therapy for hTERC (telomerase RNA component), and 17-AAG, 17-DMAG for telomerase-associated proteins. [20] These fi ndings demonstrate availability of underlying approaches to suppression of carcinogenesis through surmounting high telomerase activity. show paradoxical fi nding that a percentage of multiform GBMs and anaplastic astrocytomas were negative or at low-level for telomerase expression in a high degree of malignancy and in contrast to the almost uniform telomerase positivity of high-grade systemic tumors. [14] Several univariate studies have declared a correlation between the levels of hTERT transcription with telomerase activity in two glioma age groups. hTERT signifi cantly is transcribed at similar copy numbers in young and old groups; however, these mRNAs are translated to telomerase in 100% of the young compared to only 25% of older patients. Evidence has suggested that age is a signifi cant prognostic factor in this cancer. [19] It is important to notice cancer is not a single disease, and the idea of a "moonshot" cure is misleading and outdated. Overall, our study, irrespective of possible association with telomerase activity, signifi es that RSV may have important role to a reduction of expression at the level of transcription in gliomas. However, Western blot analysis for translational evaluation, as well as TRAP assay is necessary to prove whether RSV decreases telomerase activity following downregulation of mRNA variant transcript. It is important to notice that multiform GBMs are highly heterogeneous tumors, and this variability might infl uence telomerase expression [21] [22] [23] and it is mostly recommended to do experiments at least on three types of GBM cell lines.
Conclusion
Our results accompany with other experiments which have pointed out the key role of telomerase in carcinogenesis may encourage scientists to consider this factor as a fundamental marker due to diagnoses and treatment of patients with malignant gliomas. With regard to downregulation of this immortalization-associated marker, RSV may potentially be used as a therapeutic agent against GBM.
